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REPORT No. 177.

THE EFFECT OF SLIPSTREM$lOBSTRUCTIONS ON AIR l?ItOPELLERS.

By E. P. LESLEY and B. M. TOODS.

This report was prepared by E. P. Lesley and B. M. Woods for publication by the &Ta-
tional Advisory Committee for Aeronautics and describes an investigation to detertiine the
eflect of slipstream obstructions on air propellers.

PURPOSE OF INVESTKMTION.

The screw propeller on an airplane is usually placed near other objects, and hence its
performance may be moditied by them. ResuIts of tests OD propelkrs free from slipstream
obstructions both fore and af fi are therefore subject to correction for the effect of such obstruc-
tions, and the purpose of the investigation herein described was to determine the effect upon
the thrust and torque coefficients and efficiency, for previously tested air propeUers, of obstruc-
tions placed in the slipstream; it being realized that such previous tests had been conducted
under somewhat ideal coalitions that are impracticable of realization in ffight.

AL the start it was pknued to use obstructions representative of the nose of the fuseIage,
of radiatom, or of other parts of an airplane structure, buti a consideration of the wide -rariety
of forms thus defined led to the select,ion of simple geometrical forms for the initial investigation.
Such forms offered the advantage of easy exact reproduction at another time, or in other lab-
oratories, and it was believed that the effects of obstructions usually encountered might be
deduced or surmised from those of the ones chosen.

APPARATUS AND PROGRAM.

Mthough the prop.dler test~~ dynamometer of the Stanford laboratory has been fully
described in report No. 14, a brief statement of its peculiar features may be of due in this
present report for ready reference.

The propeller shaft is carried in ring oiled bearings that are supported by a cast-iron
standard which is secureIy attached to the experiment chamber floor of the mind tunnel. The
shaft is free from longitudkal constraint except that afforded by the thrust balance and, when
rotat~~, slides easily thro~~h the bearings. A ball-bearing colIar communicates the thrust or

pulI to this balance, where it is weighed directly. The bala~ce is sensitive to 0.005 pound, and

readings are made to 0.01 pound. The shaft is &iven thro~oh bevel gears from a motor that is

placed at one side out of the wind stream. The torque or turning moment is determined by

measuring the bwist of a helical spring that constitutes a part of the drive shaft. The spring
is calibrated by means of a Prony brake put in place” of the propeller. The angu.Iar yield ai 10
pound-feet moment is about 200° ~ so that, since the scale may be read to 0.107 the turning

moment may be determined withh 0.005 pored-foot. A correction of measured torque is made

for the frictional resisfiance of the bearings and gears of the dynamometer. The revolutions
are counted by means of an accurate chronograph.

,

The wind velocity is determined from the reduction of pressure within the experiment
chamber. Hundreds of calibrations have shown that for the range of velocities used C20 to 75
m. p. h.) the ratio of [elocity head to reduction in experiment chamber pressure is practic~y
Constant. It was reahzed that a considerable obstruction placed in the wind stream might ,
fiect this ratio and careful tests were conducted to determine such effect. AIthough with the
largest obstruction used an appreciable reduction in a wind velocity was noted for a given
tunnel fan speed, there was a corresponchg change in the experiment chamber pressure reduc-
bion, so that the ratio was not fiected to an appreciable degree.
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It was believed that the apparatus was =welIsuited to the work in hand since the obstruc-
tions could be fasfiened to the dynamometer frame (see fig: 1 and 2) and the tests conducted as
usual, resulting in the determination of the coefficients Cl (thrust), Gj (torque), and v (e~ciew),

which might be compared with the coefficients as derived from previous tes$s with unobstructed
slip streams.

The model propellers seIected were Nos. 1,3, 5,7,9, and 11. They are fully described in
reports No. 14 and No. 141. It may be noted here that 1, 5, and 9 are of the str~ight type,
having uniform width, while 3, 7, and 11 are of the curved, tapering or saber form. Nos. 1 and 3
have a nominal pitch-diameter ratio of 0.9, Nos. 5 and 7 one of 0.7, and Nos. 9 and 11 one of
0,5. All have a mean blade width of 0. L5 of the radius, which is 18”.

The obstructions used were as follows:
No. 1. Thin mefial disk, 9“ diameter.

2. Thin metal disk, 12” diameter.
3. Thin metal disk, 18” diameter.
4. Metal cylinder, 9“ diameter, 30” long, endtoward propeller closed, and other end faired

to dynamometer.
5. Similar cylinder, 12” diameter.
6. %miJar cylinder, 18” diameter.

FIG. 1.—Showing obstruction No. 3 mounted on dynamometer frame. FIG. 2.-~howing obstruction No. 7 mounted on dynamometer frama.

7. Metal cylinder, 12” diameter, with end toward propelIer cl~sed and tapered to 9“
diameter, 60° taper. Other end faired to dynamometer.

8. Metal cylinder, 12” diameter, with end toward propeller closed and tapered to 6“
diameter, 60° taper. Other end faired to dynamometer.

9. Metal cyh.nder, 12” diameter, with end toward propeller closed and tapered to 3“
diameter, 60° taper. Other end faired to dynamometer.

It was originally planned to use a 6“ diameter disk and a cylinder of the same size, but
the early tests showed so slight an effect of these obstructions on a three fk dia. model propclIer
that the 9“ diameter was used instead.

The six propellers were tested each with the three disks at ~“ from the propeller hub,
and propeller hTo. 3 was tested in addition with the remaining obstructions at the same distance
and with the 12” and 18” disks at 6“ and 12” from the hub.

,
It was at first contemplated only to measure the forces acting upon the propeller, with the

obstructions mounted on the dynamometer frame as shown in Figures 1 and 2. The results of
the fist tests with propeller No. 1 and a 9“ disk so mounted were as follows:

At lo-iv and moderate slips the thrust and torque were increased. At high slips the torque
and thrust were decreased. At all slips the efficiency was apparently increased. The thrust
was thus increased more or decreased less than torque.
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These results were not altogether unexpected, since others 1 had given evidence of the same
phenomena. With the 1S” clkk, however, the apparent efficiency of propeller No. 1 reached
a m~ximum of 115 per cent, and cheeks were made to insure that measurement of torque,
dwusk revolutiom, and velocity were correct. The mea.sur~u devices were carefully calibrated
and the test was repeated. A pitot tube, placed z feet from the tips of the propeIler blades
and 1 foot within the line of the tunnel wa.IJ was used to determine velocity. The results were
practically identicaI with those of previous tests in which the reduction of pressure within the
experiment chamber was used as an index of velocity.

In order to determine the total thrust reaction upon the obstruction, as well as that upon
the propeIler, additiond tests. were made with the obstruction mounted, by means of a ball
bearing, on the propeIler shaf t and in the same space relakion to the propeller as was used when
ittwas mounted upon the dynamometer frame.

Letting T’=puII exerted on the shaft by the propeller.
R = total reaction of the obstruction.

Then with the obstruction on the dynamometer T is measured, and with the obstruction on the
shaft T– R is measured. From these R may be determined.

In addition the resistance of each of the nine obstructions, WiLhout the propeller, -was
measured. This was done by mount& with a baU hew@ the obstruction alone upon the
shaft. The shaft tvas rotated to ehmkate longgtudimd shaft friction, and the resistance weighed
by the thrust balance for wind velocities from 20 to 70 miles per hour.

The results of
coefficients defined

In the above,
T= Thrust or pull

RESULTS OF TESTS.

the tests with the propellers and obstructions are given as tables of derived
as follows:

gT
CL=A~

C;=&,

G=&z

2%
q = Efficiency= —

L-f,v
.% nQ= Cq ntD.2%”

on propeller shaft.

Q =Torque or ‘turning moment of propelIer shaft.
R =Tota.1 thrust reaction on obstruction.
v = Velocity of advance.
n = Revolutions of propeller per unit time.
D =Diameter of propeller.
g = Gravi@ acceleration constant.
A =Density of air in gravity units per cubic linear unit.

.by homogeneous system of units ma-y be used. The letter X with subscript indicates
the mounting of the obstruction as foLlows:

X,, obstruction mounted on dynamometer frame.
M,, obstruction mounted on a balI bear@ on the shaft so that its total thrust reaction

combimed with thai of the propeller is communicated to the shaft.
In addition to the tabks, the rew-dts for propeller No. 3, on which Lhe Iarger number of

tests were made, are plotted as ordinates for the various coefficients -with,% as abscissae. See

Figures 3 to 15.

LAmnmticsinTheory and Exp eriment. ChwIey’and Levy 2d. ed.
Britfsh Adrkx? Camndttee for Aema3utics. ~PO1’t5 and ik!-tmmfi XC6=30S,344, and 3.3.3. By A, Fage and H. E. Collins.
DesfgQ of Screw Propellers far Afrcrsft. Watts.
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Table I shows the coefficients db, c~, and ~ for the six propellers when operating with an
unobstructed slipstream. These coefficients may be in some cases slightly different from those
published in reports Nos. 14 and 141. This is due to the fact that the coefficients us here given
are recent test results that have not been modified by cross fairing, in the interest of consistency,
the curves as originally drawn.

Table 11 shows the coefficients 0~, (1~, (7,, and ~ as derived for the six propellers when opcrat-
ing with the obstructions as indicated. In this table it may be noted that one value only of
(7. is given, and that is designated as (7. Ml_,. It was found that the torque was the same with
the obstruction mounted upon the shaft as when it was placed upon the dynamometer. This
was to be expected since the obstruction and propeller were for the two cases in the same space
relation and no torque reaction of the obstruction was communicated to shaf~ except tho almost
neg@ible friction of tbe ball bearing to which the obstruction was secured in the case of shaft

mounting; moreover, this was included in the correction of torque for friction of betirings, and
gears of the dynamometer.

0,= !!lt M, – Ct iv,.

This is apparent from the previous definitions.

DISCUSSION.

It is especially to be noted that there is no simple means of determining the propdkw
efficiency, per se, when the propelIer is operated in front of an obstruction. If the usual
quantities are measured or computed for the determination of the eficiency from the relation

Tv———) and if 7’, the thrust, is obtained by means of a. balance on the shaft, it is apparent:7~~Q

that th~ efficiency of the combination for the propose of propelling an airplane will ho obt tiincd
with the obstacle on the shaf t—that is to say, with mounting NO. 2, as previously described.
With the obstruction on the dynamometer, mounting No. 1, the apparent efficiency resulting
has little practical significance. The thrust measured in this case includes possibly a prcssuro

rezction of the obstruction on the propeller as an +=kmaI, unbalanced force, which is in reality
bakmced by the equal and Opposite action on the obstruction, giving the effect of an internal
force, Comparison of the thrust values obtained. in this case, however, with those for
obstruction mounting No. 2 exhibits the natme of the total reaction on the obstruction.

If it is desired to obtain the actual efficiency of the propeller, the resistance of the obstruction
in the slipstream must be Separated from the tot~ reaction upon the obstruction and IJO
credited to the propeller as thmst in the case of tihe mounting on the shaft. An approximation
to this resistance was obtained by determining tllc resistance of the obstruction in a smooth,
nonturbulent air stream having the velocity of the slipstream, The effect of turbuknce of

the stream was not taken into aceollnt and the numerical results of this approximate method
are therefore sufficiently in question to justify their omission from the report. It sufllces to
say that no outstanding change in propeller efficiency was noted.

With the mounting of tile obstruction on t~le djmamometer, it is importmt, to OIX+WC tho
efl’ect of distance lxhveen the obstruction and the prop~l~er on tile thrust, torque, and appawn L
efficiency. The velocity of the slip streamchanges little for a distance equal LOone-half tho
radius of the propelIer in its wake. Such change as occurs is , generdy speaking, an increase
in -Telocity, as evidenced by the converging of the stream lines. Hence, no material reduction

in the resistance of an obstmction placed in the stream l~~ouldl-w expected as it moved away
from close proximity to the propeller. !iiowtwer, the effect of the pressuro reactionj if any,

in the space between the obstruction and the propeller sllotid be less at greater distances.
A lessening of pressure reaction would result in reducing the apparent thrust and efficiency
with increasing dist ante, and would therefore make plausible the theory of a pressure reaction
as above. The tests performed gave results supporting this point of view. For exarnplc, the
maximum apparent efficiency with propeller NO. 3 and the 12” disk assumed the following
values:
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PTopellerNo. 3—1.2’/disk on Dynamometer.

Di.stsm%from I
pm@Ier to M.@z!mm appor- :
Orlstmction. at eRiciency.

4“ 0.91
6 ‘// .89 ;

12 ‘-’ .86
NO obstruc- .81

ticm.

Also for the same propeIler with 18” disk.

Propeller 3’o. 3—18[/diskon Dynamometer.

Di.stsnce from
prOpelIerto Msxkmun zppm-
Ob.stmction ent &cieney.

& 1.19
.96

12 “ .ss
hTO obstruc- . u

tion.

At the same time no considerable change, with this increase of distance, was found in the
efficiency of the combination with mounting hTo. 2 of the obstruction. Fiagares 5, 14, and 15

show the effect of distance with the 18’T disk and gire the following:

For the working range of ~ZD; i. e., from &=0.4 to $=0.9.

a. The apparent thrust decreases with increase of distance.

b. The torque increases slightly with distance d ~D = 0.4 and decreases slightly at ~D =0.9.

c. The apparent efficiency decreases tit’h disfi~ce for ~ ~~ue~ of ~fD. This is mOSt marked)

how-ever, for Iarge ~alues of ~D (1OWslips).

PR.4CTICfi LNTEREXCESFROM T3E TESTS. .

The propeller exists as a mechanism for converting torque into thrust.. The expression for
~~

its efhiency q= ~ exhibits this fact fully. However, if this formula is to serre in the

ordinary cases of the_ airplane, the numerator of the fraction must represent the usef uI work of
the propukion per unit of time in aIl cases and its denomhmtor the power input. In performing
tests of propellers with slipstream obstructions there is little difficulty in maintaining the
analogy for the denominator. For the numerator ik is necessary to decide what proportion of
the tlmuet or thrust modified by resistance shall be used in determining efficiency.

It is at once apparent that a different definition of efficiency is necessary for each inter-
pretation used. From the point of tiew of airplane propukion it would seem logical to continue
to interpret the numerator as the useful -work per unit of time. Hence, the thrust becomes
that -which the airplane as a whole recei~es from the power plant and its accessories and the
~elocity is &hat of W.nsIation of the airplane as produced by this thruek. If ihe propelIer, with
the enagine, the radiator, and the coding, is thought of as producing the torque and the thrust,
it is the ~et thrust of this assembly -which is protided to pull the airplane. Let us call an
efficiency deri-red from this thrust the combined eficiemy. It corresponds to the efficiencies

obtained with the obstructions mounted on the shaft (mounting No. 2). From the construc-
tion point of vie-w, at least two possibilities appear: (a) The power planti assembly may be

——
.

.

.
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;’ v

kept intact in one place withthepropelIeras a tractor orpusher screwin close proxirnityto
the engine and radiator and with these latter in the slipstream; or (b) the propeller might IJe
geared to the power plant and so separated from it at some distance, thus placing the latter out
of the slipstream. With the obstructions used in this investigation, the former gives what h-m
been called the combined e$ciency and the latter what may be called the parallel propulsive

e@iency. The former is obtained with the obstruction mounted on the shaft directly in the
shpstream; the latter is derived by using as the net thrust the values obt aincd by subtracting
the resistance of the obstruction in a free stream of the translation velocity assumed from the
thrusti of the propeller free and unobstructed. This would correspond roughly to the geared
propellers of the early Wright machines with the radiators in the air stream but out of the
slipstream, provided it is assumed that the engine is placed in the fuselage where it does not
alter the existing resistances. In Table HI the values of the parallel propulsive effk.iency for
the various propellers and obstructions are set forth. The tabulation of the combined effl-
cienciw is included in Table II, giving the direct results of the tests. Table ITTsupplies the
resistance coe5cients K of the obstructions themsel~es as taken from the formula.

Resistance==
9

If the talndated values of the combined and the parallel propulsive efficiencies for given pro-
pellers and obstructions are plotted, the resulting curves exhibit graphically the relative superi-
ority of mounting a given obstruction in the slipstream or on the plane away from the slip-
stream.

Before attempting to state a general conclusio~, let us examine the results given in the
tables. With the disks of 9“, 12”, and 18” diameter placed close to the propeller, the com-
bined efficiency is generally less than the parallel propulsive efficiency throughout the working
range of most propellers. This range may be taken as the middle third of the range of values

of ~~- for the propeller concerned. The difference is small for the 9“ disk, running in most

cases from O to 2 points. l?o~ the 12” disk it is slightly greater, and for the 18” disk it is con-
siderably greater, reaching values of as much as 10 points. The effect of low pitch ratio is to
cause the combked efficiency and parallel propulsive efficiency curves to intersect in the work-
ing range; e. g., prope~lers NOS. 9 and 1I. In every case both combined and paralI~rgyulsion
ei%ciencies are less than the efficiencies fo~rope~ers witl uno~fi~ld slipstr~a~.

‘-h blunt-ended ~~iiii~~he results are siiiiila~~pt that th-ar~i~fi---~rti smaller.
——

Especially is the loss in ~fficiency from the unobstructed slip~tream efficiency reduced. Hence,
the fairing of the obstructions in the direction of a streamhne form brings the curves nearer
to those of the unobstructed slipstream, as might be anticipated.

Finally, the tests with obstructions 7, 8, and 9 (12” cylinders with conical noses) show
little difference among themselves, but a~l seem to indicate closer resemblance to the unob-
struct ed slipstream curves than the tests of the blunt-ended 12” cylinder. There is thus less
and less variation from the unobstructed slipstream results as one considers successively
disks, blunt-ended cylinders, and ‘(nosed” cylinders.

General conclusions may be stated as follows:
1. The combined efficiency of a propeller with any obstruction in the slipstream is less

than that of the propeller free and unobstructed.
2. For blunt obstructions, such as circular disks and flat-ended cylinders, placed close to

the propeller in the slipstream, the difference between parallel propulsive efficiency and com-
bined efficiency for obstructions of diameter up to one-third thatt of the propeller, is of little
consequence. In no case is the advantage of either over the other such as to warrant a change
from a simple and logical arrangement in order to effect a gain in et%ciency.
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TABLE I.

COEFFIC13KT8 FOR PROPELLERS WITH UNOBSTRUCTED SLIPSTREAMS.

Propelk No. L

0.3
. .
.:
.6
.7
.8

i:
L I

0:p

.4

.5

.6

.?”

..s

.9

,

L 670 0.1723 0.463
.3s6 . owl .358
.m J&J
.307 M& :%
.M7 .764
. lli . 01Ss .792
.@s9 .0125 . 7S9
. 03% .W2 . Rs
.015 .0iM9 .S30

I I

Pmpelk No.5.

2.103 0. 1s03 0.439
1.364 .Izio
.715 .0%5 :%
.376 .0432 .@4
.212 .0272 .7%
.m .0172 .745
.059 .OLlo .6S4
.022 .Cms .464

I I

Propeuer Xo. 9.

:: .1
0.1170 / 0.4$4l:g I .07s3~

.4 A& A& I %J

.5

.6 .Cm .0140~ .Wi

.7 .027 .Ca3s: .3U7
t I I

c’ ‘l&l
[IT

Pmpdk No.3. I
I. w 0-1640 0.4s3
.s32 .~~< .5%2
.4% .Cww -&”
.303 .734
=134 %% .7.S!
.1.13 .0176 .*
.069 .0122 .%x
;pi .Om .m

.Cr!49 .625

t
Propelk h’o. 7.

, ,
2. cm o. IEO 0.460 ~
1.393 .lzsil .519 I
.670 .GS93 .618
.370 .044 .701
.210 .m“ .755
.115 .0J69

I
‘w ‘% ~~i

L&g ~ *.IM3 0:% ~
. Ono
. MO .653

.2QI , .0231 .mi

.W. , .0140 ! .641

.IEs~
1 ‘m I “m

C(]EFFICIXNTS FOR PROPELLERS WITH OBSTRUCTED SIJPSTREA3ML

I &

P~eilw No. 1 with obstruction No. 1 at ~’r from hub.. . ...! I

Pro~elkr No. 1 with obstructionITo.2at~“ fromhub. . . ...!

/

!’
1

Pro@k No. I with obstruction No. 3atp’fromhub.. .-..!.

PropellerN-O.3withobstmction No. 1 at ~“ from hub...- .-!

[

0-3
.4. .

.5

.6

.7

.s

.9
Lo

.3

.4

.5

.6

.7

.8

RI ~
L 1

.3
4.-
.5
.6
.7
.8
.9

H
~~

.3

.4

.:

.7

:;
LO

L64(
.sm
-m!
. 31(
. 19!
.12
. 07(
.Wf

L625
. .W5
.513
.321
.La%
.132
.0S!
.054
.C!32 .-. .

L 132
.535
.312
. 16s
.079
.019

–. 019
–.347
—.m
–. asl

J& \

. ~5

.0375

.0%2,

. 01s3

.Ou.s

.Ws3!

----
.346
.’443
.435
.ms
.309
. 11s
. . ..
..-.
-.. .
.. -.’

:%
.322

: H
-14.5
.132
.124
.&n
.11’a

.



320 REPORT NATTONAL ADVEORY COMMITTEE l?OR AERONAUTICS.

TABLE 11-ContinI~ed.

COEFFICIENTS I?OR PROPELLERS WITH OBSTRUCTED SLIPSTREAX!S-corMnu6d.

Propeller No. 3 with obstruction No. 2 at ~’ from hub . . . .

PropeIler No. 3 with obstruction N O.3 at }“ from hub...

Propelfer No. 3 with obstruction No. 4 at ~“ from hub . . . . .

Propeller h’o. 3 with obtsruction No. 5 at ~“ f~om hub . . . . .

Propeiler No. 3 ivith obstructions No. Gat ~ frorrrhub . . . .

Propeller No. 3 with obstruction No. 7 at +“ from hub .. . . .

Propeller No. 3 with obstruction No. Sat ~“ from hub . . . . .

Propeller No.’ 3 wifh obstruction No. 9 at p’ from hub. . . . . . .

Propeller h’o. 3 with obstruction Ifo. Zat 6“ from frub . . . . . .

Propeller No. 3 with obstruction No. 2 at 12” from hub . . . . .

0.3
.4
.5
.6
.7
.8
.9

1.0

.3

.4

.5

.6

.7

.8

1::
1.1

.3

.4

.5
,6
.7
.8

1::
L 1

.3

.4

.5

.6

.7

.s

.9
Lo
L 1

.3

.4

.5

.6

.7

.8

.9

k:

::
.5
.6
.7
.8
.9

?:

.3

:;

:!
.8

1::
1.1

.3

.4

::
.7
.8

1::
L 1

.3

.4

.5

.6

.7

.8

1::

.3

.4

.5

.6

.7

.8

1::

1.560
,340
.498
.311

:%
,087
.05$

L WI
.3.52
.519
,844
. 23s
,105
,120
.035
.062

L 555
.813
.470
.292
.134
.120
.077
.047
.624

L 579
,322
.470
.297
.193
.f25
. ml
. 0s3
. ~~

L 645
.361
.529
.“327
.B26
.160
.112
.6$3
. 6+0

L 610
. 83s
; 487
.364
.193

:E
.044
.023

~Ro

.340

.492
.302
.191
.121
.076
.045
.023

1.555
.635
. 47s
,’299
:190
.120
.072
.643
.022

1.570

:%
.302
,195
.127
.082
.a52

1.584
.232
.483
.m

:%
.076
.045

1.346
.715
.407
.237
.137
.073
.031
.033

L ~~

:%
. 1.M
.070
.015.

–. 021
–, 6.54
–. 078

L 530
.739
.448
.272
. ltki
.039
.1157
.027
.WJ.5

1.493

: E:
.253
. 15S

:%
.021
. . . .

L 2.S0
.020
.316

: M
.oHi
.015
. . . .
. . . .

L 540
795

:457
. 2s3
,177
.110
. CU37
.037
.016

L 5S3

:1%
.286
.179
.112
.669
.039
,016

1.515
.805
.459
.2s4
.193
.111
.055
.037
.017

1<345
.702
.394
.231
.137
.023
.037

\. 0$6

1.396
.715
.404
.233
.132
.G57
.021

-.m

CqJW,4

0.1493
.0375
. 0%7
,0382
, 0X9
.0103
.0140
.0103

.1440
, 0S30
,0540
.0380
.0278
.0264
.0133
.0119
.lW32

. WI

.09W

. Owio

.0376

. 025s

.0130

.0127

. CQS3
, aM7

. 15io

. 0s75

.65.50

.0378

.6266

.0187

.0132

. cui97
, W.73

.1510

.6835

.0540

.0371

. 0X9

.0202

.0151

.0121

.W

.1640

. OfjW

. ox.i4

. 03s2

.0262

. 01s2

.0127

. 02S4

. al%

.1570

. 0s93

.0572

. 03%

.0265

.0185

.0134

.m

.m

.1540

.0933

.Os&O

.0390

.0265

.0134

.0124

.0336

.Mkx3

, 1~~
.OWQ
.0565
.63S0
,0265
.0133
.0133
.0393

.1530

.0S83

.0-562

.0377

.OW!

.0181

.0126

.CH185

%mbhrti
q .M2

—.

0.422
,519
,671
.593
.5#3
. 4s1
.321
. 24s

.352

.462

.403

.377

. 2s1

.077
. . . .
. . . .
-.. .

.459

.557

.633

.692

.717

.705

.645

.435

. ml

. 4Ml

.554

.614

. 6X4

. ml

.613

.510

.344
. . . .

,3$2
.463
.537
.510
.447
.316
.142
. . . .
. . . .

.477

.570
; ;$

.752

.770

. 7MI

.633

.514

.472

.?66

.650

.710
752: 772

.761

. 6%)

.470

.470

.570

.652

.715

. 75S

.770

.:05

: i%

.425
.508
..556
.580
.575
. 5?0
.395
.103

.434

.516

.573

.596

.56s

.470

.240

. ...”

c.

0.230
, 125
,691
.074
. m5
.066
. Om
. ox

....

....

....

,——
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TABLE 114kmtiued.

CI>EFFICIENTS FOR PROpELLEM WTH OBSTRIJCTED S~STRE~&C~tfnuedm

PropeIIer‘No.3withobatrmction h-o. 3 at 6“ fram hub.

PropeIler No. 3 with obstructio~ No. 3 at 12° from hut

PropeLler No. 5 with obstructiorr No. I at i“ from hub.

PropeIler No. 5 with obstruction No. 2 at $“ from hub.

Propeller No. 5 with obstruction No. 3 at ~ from hub.

PropelIer No. 7 with uMrrrciicm No. 1 at +“ from huh.

PropelIer h-o. 7 with okdructiorr No. 2 at ~“ from hub.,

Propeller No. 7 with obstruction No. 3 at +“ from hub..

Propeller No. 9 with obstruction No. I at ~“ from hub.,

Propelkr No. 9 with obstruction No. 2 at ~“ from hub.,

0.3
.4
.5
.6
.7
.s

1::
L 1

.3

.4

.5

.6

::

1::
1.1

.2

?:
.5
.6
.7
.8
.9

.3

.4

.5

.6

.7

.8

1:;

.!&

.3

.4

.5

.6

.7

::

.2%

.3

.4

.5

.6

.7

.s

.’2

.3

.4

.5

.6

.7

.s

.9

.3

.4

.5

.6

.7

::
1.0

.~

.3

. ~.

::
.7
.s

.=

.3

.4

.3

.6

.7

.s

kn&bin-@
.

L E41
.54
;~2i-

-057
.Co7

~u&

–.w-

1.134
-555
.232
.150
.w.
.010

–-owl
–.055
–.070

L W2
Lztio
.665
-349
.lsi
.097
.042
.033

L %5
.Ijl<
.322
.154
:&

–-cm
–.035

1.5SQ
1.025
.’S8
.235
-107
.023

–.021
–.034

I.Sal
L %0
.6W
-341
.1s3
.027
.039
.M3

1.232
.593
.317
.167
.0s3
.02T
.010

.%0

.435

.232

.KM

.025

.025

.055

.Cm

L HO
.9X!
.%
.183
.074
.013
----

L 345
:%

.170

.W2

.~~
----

Combhled
?j x!
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G

0.<63
.301
.223
.133

.:%
.122
.111
.107

.476

.2S2

. 19s

.154

.134

.119

.LL2

.106

. ml

. 02s
-w
.047
.M2
.034
. 02S
.027

,. cm

.165

. lm.

.WJ

.063

.0S5

.0.52

. El

.050

.flm

.440

.XQ
-m
.173
.154
. I’ti
.132

.103

.o?w

:Z
.033
.02s

:E

.123

. loi

.C&2
: ~;

.053

.W

.X13

.319

.m

. 1S2

. Ru

.150

. I.il

.123

. Oio

.059

.Cr39

:E
-02a
..-.

..222

.159

.101

. K6

.IM

.055
.-. .

.—=

—
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TABLE 11—Clontkmed.

COEFFICIENTS FOR PROPELLERS WITH OBSTRUCTED SLIPSTREAMS.

Propeller No. 9 with obstruction No. 3 at ~“ from hub . . . . . .

Propeller No. 11with obstr.ucthm No. 1 at ~“ from hub .. . . .

Propeller No, 11 with obstruction No. 2 at ~’ from hub . . . . .

Propeller No. 11with obstruction No. 3 at ~ from hub . . . . .

‘o
‘m

.2

.3

..4

.5

.6

.7

.25

i:
.5

:;

.25

.3

.4

.5

.6

.7

,25

::

:;

::

2.FJI)
L 057
.SW
.3CM
.181
.112

I.w
1.Cwl
.452
.225
.107
.043

:E
.492
.%
.135
.070

1.6s0
1:;fi

.330

.204
,119
.071

1.WJ
.6ss
.292
.113
.017
.032

1.446
.920
.404
.194
.0s1
.013

L 310
:y?%?

.177

.670

.&xl

1.07s
.681
.28Q
.116
.020
.035
.070

c! MI.*

.1710

.0762

.0420

.0233

.0169

.0120

,1170
.m
.0W2
.0242
.01443
.Cw2

.1110

.0764

.1C4S

.0247

.0155

.0102

.11(M

.0770

.0425

.0265
,0174
.0119
.03s2

~

.‘w

.670

. S33

l:E
1.042

.525

. 59s

. 6T9

.7’40

.7(XI

.522

:E
.750

:E
.76s

.603

.693

:%
1.075
1.115
L 090

Combinsd
q M, G

—

.256

:R
.078
.035
. CoI
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TABLE 111. ,

DER[VED PARALLEL PROPULSIVE EFFICIEKGY 03?PROPELLERS AiiD oBsTRCCTlOXS-

Pmpelkr Na. 1. PmpeUer No. 3.
e

nd
II IOhs. h-o. L Ohs. h-o. 2. Ok &-O.2. Ohs_NO. L Ohs. &’O.2. Ohs.h“o.3.

0.3 0.4.57
L.. ..543
.5 -603
.6
.7 f%
.8 .622
.9 .503
Lo .248

cl.433
.437
.‘KG
.454
.311
.041

0.470
.547’

:%!
. a78
.465
.247

0.51
.533
.513
.4.53
.311
.143

----
---- I

----
---- ---- I ....

I I

Propeller No. 3.Propelkr No. 3.

r)bs.No-6.Ohs.N=o.7.Iolls.w )bs. N-o.5. )b.%h-o.8. ~Ohs. h70.9.

.3 ~ 0.479

.4 t .570

.5 ~ .645
.6%

:? ! .m
.8 ~ .705
.9 , .64)

LO ~ .479
1.1 1 .107

& 474
.55%
.623
-.%1
.6.55
.592
.454
.157

0.462
.526
Am

:%
.265

0:g I
.65,~ ‘:%

.602
.723 .p5
.761 I .fi5
.772 ! .{19
.7.m ~ .763
_674 ; .694
.436 .4?!2

....
-.. .
---- I----

1
,

I PrOpeZkr Eo. 5. 1’ PropeLkr h~o.7.

!

[’1~Ohs. h’O.1. Ohs. hlo. 2.iOhs.NO. 3. Ohs.IYo.:.\Obs.iYo.2~Obs.Xo.3

PropAIer No. 9. I Propelkr XO. 11.

‘ob~mNo- L Cjbs, Xo, L IOhs. S-o.3. ~Ohs. NO.L ‘ Ohs. h’o. 2. ~Ohs. h-o.3.
1,— i—

—

I
.2sJ i3.4g9 i

0.4s2 ‘ ---- I 0.4S6I o.4$% ‘
.3 .54s .S35 ! .4% I .557 i .544 i
-~ I .6i0
..5

.355 : -612 i -577 ,
.587 .513 [ :% :

.6 .434
-~ I .524

.2i9
.7 , .020 ---- :::: / :8! \ !!! ;

o. %7
.535
.430
.307
-.. .
----

TABLE IV.

K FOR vARIOUS OBSTRIiCTIOWS, FROX FORMULA RESEYMN2E=KAGS
7
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Subsequent to the preparation of the preceding repor$ contach wibh certain other aspects
of this general problem has suggested a somewhat different form of amdysis as presumably
more usefuI in certain practical cases. This form of analysis is therefore out-lined beIow, with
corresponding results in tabuIar form.

The useful -work of propulsion done, per unit time, by an airphme propeIIer may be defined as
DOV;where DOis the drag or resistmce of the airplane done, without propelkr, along the flight
path, and v is the velociiy of advance.

ID a hypothetical case of an airpkme, in steady ~~ht, with th~ propelIer so pIaced that there
is (a), no obstruction offered to the slipstream ~d (6) ~no ticrea~e~ due to shps’tre% of fiag,
the shaft thrust of the propeller would be equal to DO. The propeller efficiency, as determined

for an unobstructed slipstream, would then be defined by q = ~~. W’hat maybe termed the
.

D,’?)
propulrlce eficiency and designated as # would be defined by / = —2rnQ-

Since, in this case, Tis

equal to DO, q -ivouId obvioudy be equal to /. Propulsive eflkiency may also be defined as
ihe ratio of tow line horsepower to brake horsepower.

In the actual case, however, the propeIIer is placed so that there is (a), a chauge in shaft
thrust from that experienced with no slipstream obstructions, and (~), a ch~~e in drag from
tbah obtaining with no slipstre~. The propeuer efficiency can no longer be defined as

~~, where Tis the shaft thrust, since 2’ may include an internal force that is not useful in pro-

peU& the airpkme, znd therefore, when mdtiplied by v, does not represent useful work per
unit time. The usefuI -work per unit time may neverthel~ still be defined as DOWand propzikive

DOV
e~ciency by 71= ~Q.

In the present tests then, to determine propulsi~e eficiency, the combination of propelIer
and obstruction on the shafi should be credited with the drag @ the obstruction alone. This is
obviousIy equivaknt to crediti~~ the propeller with all of the thrust apparently developed, -where
the obstruction is mounted on the dynamometer, and at the same time charg@ it with the
apparent increase in drag of the obstruct,iom

The difference in point of view from that previondy pre.wmted is readily seen. In the
earlier dkcussion, parbicula.rly with reference to the terms, combined e~cieny and parallel
propukire eji%iencg, the obstruction are r%arded w ~ho~y preWi~ial, ad ~hate~er deve~op~
as a result of their presence on the airplane is considered as non-usefuI. In this later analysis,
the obstruction is tho~~ht of as a useful or necassary part of the akphme, such as the radiator,
the nose of the fuselage, or a part of the wing; and the work done in mov@ it through still air,
at the veIocity of advance, is therefore considered useful work and is credited to the propeller.

With the data in the form of coefficients as given in the tabk, the equation, q= .

331
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.GtM,, Ot.M,, (?, and 0~ Ml_, are given in Table H, and K, for each obstruction, is givm in
TabIe 11’. K is divided by D2, where D is the diamet w of the propeller, and in thes~ tests
equal to three feet, in order to derive a coefficient similar in form to Ct.

The values of propulsive efflcienc.y, ~1, for the propellers and obstmetions used arc sho]tm in
‘l’able JT. For ready comparison the values of propeller eflhiency, with unobstructed slipstream
are given in the same table under the heading ‘(Without obstruction. ”

Inspection of Table V leads to the following conclusions:
1. Moving a blunt obstruction, of diameter not exceeding one-third the diameter of the

propeller, from a point outside the slipstream to one_near the center, and close to tho hut) of
the propeller, does not materially affect the propulsive efficiency.

2, The effect, at low slips, appears, in many cases, to be beneficial. This may bc explained
by fact that the hub of the propeller shieIds the obstruction to some extent, and consequently the
obstruction off ers less resistance to forward motion when in the slipstream than when out.

3. The distance from the propeller of the obstructions used, while having mwked cffoct
upon the apparent propeller efficiency, has seemingly little effect, throughout the rangw of dis-
tance experimented with, upon the propulsive efficiency; the advant.a.go appmring to be ~vith
wide spacing.

4. Blunt slipstream obstructions, having a diameter equal to half that of the propeller,
materially reduce propulsive efficiency at high slips, but at low slips have little effect, and in
some cases the effect is apparently beneficial.

It may be noted that, with the obstructions used, practically dI cases of apparent~y bmc-
ficial effect occur with very srnall combined thrusts. In other words, the beneficial effect occurs
when lit tle or no thrust is available from the propeller other than that required to overcome the
total drag of obstruction.



EFFECT OF SLIPSTREAM

PROPULMYE EFFICIENCIES FOE

OBSTEUCTTONS

TABLE V.

ON AIR PROPELLERS.

PROPELLERS WITH OBSTRUCTED SLIPSTREAMS.

PROPELLER so. 3.

I

[Oktmction 0b5trncti0rL 1OMruciiOn 1 without i
; INo. 1 at *“. No. 2 at *“. No. 3 at p. ~oE&ru,tiO&;

0.3 i 0.479 0.445 a 3ss !-J.g.3 ~
0.4 .5!?2 .554 “ . 4ss
0.5

.W1
-m .610 - . ~~~ -665

0.6. .726 . ~1: .65s
0.7

.73%
.m . ,6/

0.8
. 7S$ ,

-814 :% -m
0.9 ! . Slfi ::% . . . . . . . . . . . . . ‘-XV
L o

1
.741 . -?J2 . . . ..- . . . . . . . . 775

PROPELLER Xo. 3.

0

I I
Obstruction

XT No. 4 at ~“.

I
0.3 0. w
0.4 .36s
0.5 .657
0.6 .732
0.7 .778
0.s .m
0.9 -S31
L o .741

)Mructiotl OIMruct ion Withcwt
go. 5 at ~“. h“o.6 at ~“. Ohstmctim.

1
a 471.575

-659
.72S
.7S8
.SIT
..%-
.’537 .........----

F’ROPELLER XO. S.

PROPELLER XO.3.

R 1’OkstrnctimObstruction, OMrncf.iOn~ Without
XD h’0.2 at&”. h-0.2 at6’’. ;L:2atat UJr.~okt~ctior

l–
t
I
I

0.44.5
.556
.640
.i13
.767
.791
.S34
S12

-----=-i-
0.410 ‘ 0.+4s !

.542 .5.50 }

.~ .640

.701 .711 i

.77S I .771
&j~ .s10

. -915 ~ .M
CJJ .............

--

.—

.-=—

.

-.—.–=
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TABLE V--Continued.

.

AERONAUTICS.

PROPULSIVE EFFICIENCIES FOR PROPELLERS WITH OBSTRUCTED SLIPSTREAkiS—COlltiLUIed .

PROPELLER NO. 3.

rl

-----JObstruction Obstruction Obstruction Without
~D No. 3aty’. No. 3 at 6“. h~o.3 at 12”. obstmctiou.

0.3 0.389
0.4 .484
0.5 .574
0.6 .656
0.7 .725
0.8 .785

PROPELLER NO, .5,

1- 1 I t
V Obstruction Obstruction ~Obstruction

7m No. laty. No!2atr. ;N0.3at y’<

0.25
0.3
0,4
0.5
0.6
0.7

; o.8
0,9 T

.............0: :82J
0.414
.584 .538
.670 .642
.740 .718
,796 .780
.m ............

1-------------1 -----------
I t [ [

PROPELLIIRXO. 7.

Without
obstruction,

0: :;;

. m3
: ;::

: :E
.464

1, Obstruction Obstruction Obstruction! Without
nT NO.Iaty’. ITO.2at$”. No. 3 at ~’. , obstruction.

I /.

PROPELLER XO. 9.
.—

I

1% x..WA0.2.W’. ITo.3atr. 01%%%1.
Obstruction Obstruction Obstruction

0.25

j

I ().x 0.482
0.3

0.4W
. .m8 .549 ““””i:iiK””” .564

0.4 .647 .648 .611 .6.53
0.5 ,690 . 70s .697 .672
0.6
0.7 % I :%! . . . . ...??.... :%; I

I ! I 1 —L–. -l

PROPELLER S0. 11

0.25 0.498
0.3 .565
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0.s7
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